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This study compared the ambient air survival of two clinical strains ofMycobacterium tuber-
culosis that had caused significantly different numbers of cases in the same population. No
difference in the survival ability between the two strains was found. However, a significant
difference was observed in colony morphology between the two strains. These findings
provide new insight into potential microbial determinants for the occurrence of large clus-
ters of tuberculosis cases in a population.
 2014 Asian-African Society for Mycobacteriology. Published by Elsevier Ltd. All rights
reserved.Introduction
There is little information on how Mycobacterium tuberculosis
survives transfer between hosts via the ambient air, and for
how long M. tuberculosis remains viable and capable of infect-
ing another person after being exposed to the air. It has been
reported thatM. tuberculosismay survivemonths on dry, inan-
imate surfaces [1,2]. Previous molecular epidemiology studies
have shown that while some clinical strains of M. tuberculosis
are able to cause infection and disease in a large number of
individuals exposed to them, others are confined in their
transmission, despite the ample chance for the spread of
the infection [3,4]. Zhang et al. showed that a clinical strain
ofM. tuberculosis related to a large number of cases grewmore
rapidly in macrophages than clinical strains of M. tuberculosisassociated with a small number of cases [5]. Another study
showed that molecularly clustered tuberculosis cases
infected with a strain of M. tuberculosis possessing a large
sequence polymorphism (LSP) in the lipase-encoding gene
lipR were more frequently epidemiologically linked than
molecularly clustered tuberculosis cases infected with a
strain of M. tuberculosis possessing a wild-type lipR gene [6].
These data suggest variations in the transmissibility and
virulence of M. tuberculosis among clinical strains. However,
differences in the ability of clinical strains of M. tuberculosis
to survive in ambient air at room temperature have never
been demonstrated. If demonstrated, this ability could be sig-
nificant because strains with enhanced survival ability could
have more potential to spread via casual contact. The present
study was conducted in an attempt to answer the question,igan, 1415
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survive for a significantly longer time ex vivo than strains
causing only a small number of cases?’’
Method
Two clinical strains of M. tuberculosis, designated TB 282 and
284, respectively, were selected to test for survival ability
using a double-blinded experimental design. TB 282 was pre-
viously shown by molecular epidemiology studies to be
related to a small number of cases in homeless people in cen-
tral Los Angeles. In contrast, TB 284 was shown by the same
studies to have caused a large number of cases in the same
population, despite similar host and environmental condi-
tions facilitating TB spreading [3,4]. All the experiments were
performed in a biosafety cabinet inside a biosafety level 3
facility. A 14-day-old culture on Lo¨wenstein–Jensen medium
was used to create a homogenized bacterial suspension in
sterile water with a cell density of approximately 0.5 McFar-
land (1.5 · 108 cells/ml) for each strain [7]. Samples of 20 ll
of the bacterial suspensions were dispensed into the wells
of a 24-well untreated cell culture plate and allowed to air
dry. Tubercle bacilli were collected by re-suspending the dried
cells in 0.5 ml Dubos broth at predetermined time intervals
for a colony-forming unit (CFU) counting assay to measure
the number of viable organisms present at the time of each
collection. The experiment was conducted in triplicate. For
each strain, the number of CFU at a given time point was con-
verted to a percentage of the CFU at time 0. The percentages
from all three replicates were averaged.
Results
The largest decrease in survival occurred between 0 and
30 min, when the average percent of CFU present at time 0
decreased by almost 80% for both strains (Fig. 1). After0 
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Fig. 1 – Comparison of ambient air survival of two clinical
strains of Mycobacterium tuberculosis that had caused
limited and large numbers of cases in the same population,
respectively, in petri dishes without liquid. X-axis, different
time points for sample collection; Y-axis, average percent of
colony forming units (Y-axis) recovered after being exposed
to ambient air at different time intervals; triangle, strain TB
282; dot, strain TB 284.30 min, the decrease in percent surviving was more gradual,
and at the 48-h time point, less than 0.25% of CFU present
at time 0 survived in either strain. A small unexpected
increase in CFU recovered at 90 min in TB 284 was seen. With
this exception, the curves follow each other closely, which
does not provide evidence for a difference in ambient air sur-
vival ability between these strains.
However, a significant difference was observed in colony
morphology between the two strains. At four weeks, TB 284
had produced large, raised, rough and crumbly colonies,
while TB 282 had produced colonies that were small, flat,
and smooth (Fig. 2). There is evidence that tubercle bacilli dis-
playing smooth colony morphologies are less virulent than
those displaying the classic rough morphology, and that both
smooth morphology and reduced virulence are the result of
missing cell wall lipids [8–10]. Differences in cell wall compo-
sition could alter host–pathogen interactions and result in
reduced virulence [11].
Discussion
This study is the first to compare the survival ex vivo of well-
characterized clinical strains ofM. tuberculosis associated with
different epidemiological phenotypes [4,5]. Molecular typing
of M. tuberculosis clinical isolates has led to the identification
of some highly successful clades and strains, in terms of the
geographic spread and number of cases caused by these
clades [4,12,13]. However, it remains unknown whether
strains causing a larger number of cases possess a higherFig. 2 – Comparison of colony morphologies of two clinical
strains of Mycobacterium tuberculosis that had caused
limited and large numbers of cases in the same population,
respectively, on Lo¨wenstein–Jensen agar slants at 4 weeks.
Smooth, transparent colonies of TB 282 (left) and rough,
crumbly colonies of TB 284 (right).
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via an enhanced ability to survive ex-vivo, or if these molecu-
larly-defined large clusters reflect an enhanced virulence of
the infecting strains, defined as the ability to infect the
exposed individuals and cause disease in the infected human
host. The findings that both study strains showed a compara-
ble survival in ambient air, but a remarkable difference in the
morphology of their colonies on Lo¨wenstein–Jensen medium,
suggest a low probability that the microbial determinants for
the occurrence of large clusters of tuberculosis cases in a pop-
ulation are pertinent to an enhanced ability of the infecting
M. tuberculosis strains to survive ex-vivo; instead, they are
more likely to be related to a possibly enhanced ability of
the infecting strains to fight against the host defenses for con-
trolling M. tuberculosis infection and disease during the host
and pathogen interaction.
In addition, the rapid decrease in survival ofM. tuberculosis
in ambient air and in the absence of liquid that was observed
has implications for assessing the risk of infection in various
situations. According to the World Health Organization, risk
assessment of tuberculosis laboratory procedures should take
into consideration the viability of tubercle bacilli [14]. This
data also support the view that tubercle bacilli in droplet
nuclei are not infectious after settling on surfaces [14,15].
One limitation of this study is the inability to completely
simulate the conditions under which transmission occurs,
i.e., tubercle bacilli travel through the ambient air in sputum
droplets approximately 1–5 lm in diameter [16]. However,
aerosolizing tuberculosis in the laboratory is both dangerous
and impractical, andexposingadried suspensionofM. tubercu-
losis culture is still informative. In addition, the use of only one
pair of isolates also limits the ability to generalize the conclu-
sion of this study to all M. tuberculosis strains, but the results
of the present study provide the first evidence that the number
of surviving tubercle bacilli decreases rapidly after exposure to
ambient air regardless of the epidemiological phenotype of the
strain. It could be informative to conduct the study for a longer
period of time in order to investigate the maximum survival
time of the different strains and suggest that the enhanced
ability of anM. tuberculosis strain in causing disease in a popu-
lation is more likely due to its increased virulence in the
infected human host than due to its enhanced ability to sur-
vive ex vivo. Future studies involving more pairs of molecular
epidemiologically well-characterized strains are necessary to
confirm the general findings of the present study.
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